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ABSTRACT 


The ability to cruise at supersonic speeds provides a tactical 
fighter with advantages in: (l) terminal combat effectiveness. 

(?) survival during penetration of enemy territory, and (3) attack 
of time -critical targets. 

In air-to-air combat, a supersonic speed capability provides 
a number of benefits. The speed advantage can be used either to 
initiate combat at a high energy state or, if desired, to avoid 
combat, A long endurance speed advantage can be used to run down 
or run away from today's supersonic aircraft because existing 
supersonic aircraft can maintain supersonic speeds for only a few 
minutes. “ 

The object of this study was to design three candidate air 
combat fighters which would cruise effectively at freestream 
Mach numbers of 1 . 6 , 2 . 0 , and 2.5 while maintaining good transonic 
maneuvering capability. These fighters were designed to deliver 
aerodynamically controlled dogfight missiles at the design Mach 
numbers. Studies performed by Rockwell International in May 197U 
and guidance from NASA determined the shape and size of these 
missiles. 

The principal objective of this study was the aerodynamic 
design of the vehicles; however, configurations were sized to 
have ;alistic structure, mass properties, and propulsion systems. 
The results of this study showed that air combat fighters in the 
15,000 to 23,000 pound class would cruise supersonically on dry 
power and still maintain good transonic maneuvering perfoimance. 
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INTRODUCTION 


The ability to cruise at supersonic speeds provides a tactical fighter 
with advantages in: (l) terminal combat effectiveness, (2) survived during 

penetration of enemy territory, and (3) attack of time -critical tergets. 

In air-to-air combat, a supersonic speed capability provides a number 
of benefits. The speed advantage can be used either to initiate combat at a 
high energy state or, if desired, to avoid combat. A long endurance speed 
advantage can be used to run down or run away from today's supersonic air- 
craft because existing supersonic aircraft can maintain supersonic speeds 
for only a few minutes. 

In combat with any but the most advanced enemy aircraft, supersonic 
"hit and run" missile attacks can be made without giving the opponent an 
opportunity to launch his missiles. If the enemy has exhausted his supply 
of missiles, supersonic speed can be used to make hit and run attacks with- 
out being exposed to return gunfire. 

The object of this study was to design three air combat fighters which 
would cruise effectively at freestream Mach numbers of 1.6, 2.0, and 2.5 
while maintaining good transonic maneuvering capability. These fighters were 
designed to deliver aerodynamically controlled dogfight missiles at the design 
Mach numbers. Studies performed by Rockwell International in May of I97U and 
guidance from NASA determined the shape and size of these missiles. 

The principal objective of this study was the aerodynamic design of the 
vehicles, however, configurations were sized to have realistic structure, 
mass properties, and propulsion systems. The results of this study showed 
that air combat fighters in the 15,000 to 23,000 pound class would cruise 
supersonically on dry power and still maintain good transonic maneuvering 
performance. 
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NOMENCLATURE 


1. Area, sq cm (sq in.) 

2. Aspect ratio 


Ac 

Engine inlet capture area, sq cm 

Ai 

Engine inlet area, sq cm (sq in. 

A 0 

Freestreaip. tube area, sq cm (sq : 

At 

Engine throat area, sq cm (sq in 

Ax 

Engine auxiliary inlet area, sq < 

JR 

Aspect ratio = b^/ S ref 

Axi 

Axi symmetric 

BLC 

Boundary layer control 

BPR 

Engine bypass ratio 

b 

Span of planar surface 

CD 

Drag coefficient 

° D add 

Additive drag coefficient 

c Di 

1. Inlet drag coefficient 

2. Coefficient of drag due to 

C °K 

Drag factor 


Wave drag coefficient 

CL 

Lift coefficient 

C % 

Lift factor 


Lift at a- 0.0 degrees 

c La 

Lift curve slope, per degree 

C i 

1. Section lift coefficient 

2. Foiling moment coefficient 

Cm 

Pitching moment coefficient 

c n 

Yawing moment coefficient 


NOMENCLATURE (CONTI NUED ) 


C P 

Static-pressure coefficient 

OR,C r 

Planar surface root chord, cm (in.) 

C RE p 

Reference chord, cm (in.) 

CT,C t 

Planar surface tip chord, cm (in.) 

c y 

Sideforce coefficient 

c 

Chord length, cm (in. ) 

c 

Mean aerodynamic chord, MAC 

C.G. 

Center of gravity 

Dh 

Inlet hydraulic diameter, cm (in.) 

daN 

DecaNewton 

e l 

Young's modulus parallel to „ 

filament direction, — — (—=——) 
* sq cm 'sq In; 

Et 

Transverse Young's modulus 

of a filament, --■■■•- ( 3 — ) 

* 3q cm 'sq in. 

ECI 

External compression inlet 

ECS 

Environmental control system 

El 

Bending stress, Kg-s-> cm (LB-sq in.) 

Feu 

Ultimate compression v _ 

stiffness, (~~— ) 

’ sq cm 'sq in. ’ 

fn 

Net thrust, daN (LB) 

f ne 

Net propulsive effort, daN (LB) 

Fsu 

Ultimate shear stress, — ~ — ) 

sq cm 'sq in. 

Ftu 

Ultimate tension stress, ^ — ) 

* sq cm 'sq In. 

FDWT 

Flight deBign gross weight, Kg (LB) 
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NOMENCLATURE (CONTINUED) 


FRP 

P.0, 


g lt 


G 


GJ 


K 


L 

LDWT 

M,Mo 

Md 

H 

% 

m l 

Mt* 


M x 

Mv 

* 


M.A.C. 


MCI 

MTOWT 

OPR 

P 

ap/p 2 

P* 

r u 


Fuselage reference plane 

Fuselage longitudinal station 

Shear modulus of a filament, g - ~ -- f -p ) 

Acceleration due to gravity 

Torsional stiffness, Kg-sq, cm (LB-sq. in.) 

Induced drag factor 
Reference length, m(ft) 

Landing design gross weight 
Freestream Mach number 
Design Mach number 
Local Mach number 

Maximum continuous level flight Mach number 
Limit Mach number 

Mach number at throat (with isentropic 
internal contraction) 

Wing ultimate bending moment, cm-Kg (in. -LB) 

1. Wing ultimate torque, cm-Kg (in. -LB) 

2. Fuselage ultimate bending moment cm-Kg (in. -LB) 

Mean aerodynamic chord = 5, cm (in.) 

Mixed compression inlet 
Maximum takeoff gross weight 
Overall pressure ratio 
Static pressure 

Duct exit hcunmersliock pressure ratio 
Unstarted sonic throat static pressure 


k 


q. 

R 

(arec) srs 

r 

s# SREF 

Sw 

SWET 

S Z 

k'EP 

S.F.C. 

S.L. 

sp/mf 

T 

TOGW 

t/2c 

V 

w 

w c 

c 2 

X 

Y 

z 

2-D 


NOMENCLATURE (CONTINUED) 

Dynamic pressure =4' pv 2 , — ^ ^ — ) 

^ v ' sq cm 'sq in . ' 

Mission radius, nm (miles) 

Pressure recovery penal. ty for self-restarting operation 
Inside lip radius of engine inlet, cm(in. ) 

Reference area, sq m (sq ft) 

Gross wing area, sq m (sq ft) 

Wetted area, sq m (sq ft) 

Wing vertical shear. Kg (LB) 

Specific excess power = V(T-D)/w 

Specific fuel consumption, Kg/ hr/ daN ( LB/ HR/ LB ) 

Sea level 

Supersonic Penetration/Maneuvering Fighter 
Thrust, daN (LB) 

Takeoff gross weight, Kg (LB) 

Wing nondimenslonal half thickness 
Velocity, M/sec (ft/sec) 

Engine failure speed, Km/ Hr (knots) 

1. Weight, Kg (LB) 

2. Airflow rate, Kg/sec(LB/sec ) 

Engine corrected airflow 

Airplane longitudinal dimension, cm (in.) 

(except for pages 7, 76, 77, 78) 

Airplane lateral dimension, cm (in, ) 

Airplane vertical dimension, cm (in.) 

Two-dimensional 
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NOMENCLATURE (CONTINUED) 


a 

«o 

fi 

r 

8 


V 

e 


A 

A 

P 

4> 

* 

SUBSCRIPTS 

AVG 

a 

a, c, 

B 


Anglo of attack, degrees 
Angle of attack at Cj~o.O 
Sideslip angle, degrees 
Dihedral angle, degrees 
Increment 
Pressure ratio 
Twist angle, degrees 

Wing spanwise station 

1. Temperature ratio 

2. Deflection of engine inlet ramp with respect 
to freestream 

3. Angle of skin ply with respect to wing 
reference system 

Sweep of wing, degrees 
Ct 

Taper ratio = ■=- 
y r 

Trailing edge cutout ratio 
Density 

Roll angle, degrees 
Outwash angle, degrees 


Average value 
Aileron 

Aerodynamic center 
Body 

1. camber 

2, capture 


c.p. 


Center of pressure 



NOMENCLATURE (CONTINUED) 


SUBSCRIPTS (Continued) 

e Elevator 

F Fuselage 

i Inlet of engine 

L.E. Leading edge of planar surface 

£ Local value 

MAX. Maximum value 

MIN. Minimum value 

NAC. Nacelle 

o Freestreara 

p Aircraft roll axis 

r Rudder 

REP. Reference 

t 1. Throat of engine 

2. Total value 

tg Engine downstream station total value 

us Engine unstart value 



Section I 


PRELIMINARY SIZING 


The preliminary or initial sizing for the three air vehicles designed 
for 1.6, 2.0 and 2.5 Mach number cruise respectively was based on an in- 
house developed supercruiser airplane. Propulsion data used in the sizing 
exercises and subsequent air vehicle design was that developed using the 
Pratt & Whitney Parametric Engine computer program. The engines were the 
PW 7^-09 for the 1.6 Mach design, the PW 7^-17 for the 2.0 Mach design and 
the PW 7^"l8 for the 2.5 Mach design. Basic weight and aerodynamic scaling 
were made to the modified supercruiser design. The airplanes were sized 
using the appropriate engine data, aerodynamics, geometry and weight character- 
istics along with the mission requirements shown in figure 1 . Si *ng was 
accomplished using the Vehicle Sizing and Performance Evaluation Program 
(VSPEP). This computer program produced vehicles for various wing loadings 
and thrust-to-weight values that meet the desired 300.0 n.mi. design mission 
radius. Additional performance evaluation was made to establish take off 
distance over a 50 ft obstacle and Specific Excess Power (SEP) at 0.9M/ 

30,000 ft/5g maneuver condition. 

Selected airplanes were chosen by cross plotting the above generated 
data for each of the three airplanes and picking the minimum gross weight 
airplane having a takeoff distance no greater than 3000 feet and a SEP no 
less than -300 ft/sec as well as a mission radius of 300 nm. Characteristics 
of the selected airplanes are shown on Table I. 

The M*1.6 airplane generated by this sizing was drawn and shown on fig- 
ure 2 (D575-1). Aerodynamic and weight analysis of this airplane were made and 
the results are shown in table III and figures 3 through 5. This airplane was 
then set up on the VSPEP program and a second iteration sizing exercise was 
performed for each of the three airplanes using the D575-1 as a baseline 
vehicle. The 1.6 Mach cruise airplane in this case used propulsion data 
for the PW 7^~l6 engine. The sizing procedure used was identical to that 
described above for the first pass preliminary sizing. 

Characteristics of the three refined airplanes are shown on Table II. 

The reduction in size over the results of the first iteration were found to 
be due mainly to weight in the center section and lower skin friction drag. 
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1 . 

2 . 


3. 

4. 

5. 

6 . 

7. 


a. 

9. 

10 . 

11 . 

12 . 


Ground operation fuel allowance: 6 min at t/v * .2. 

Takeoff allowance: A fuel weight =mV (Wo - Wi)/2(T-D) 

where ra = w/g where W is the weight at start of climh 
Wq* sea level static maximum power fuel flow 
Wi= sea level maximum power fuel flow at initial 
climb speed 

T * maximum thrust at start of climb 
D * trimmed drag at start of climb 
Intermediate power climb to best subsonic cruise altitude. 

Subsonic cruise at best cruise speed and altitude. 

Accelerate and climb to design Mach number at maximum power. 

Cruise at design Mach number, best altitude on dry power. 

Maneuver at design Mach number with 50 percent initial fuel. 

Fuel = (energy required) (fuel flow)/sEP 
SEP = specific excess power V(T-D)/w 
V = velocity feet /second 

T ■ maximum power thrust at design Mach 
D * trimmed drag at design Mach 


Design Mach Number 

1.6 

2.0 

2.5 


Altitude (F t) 

30,000 

40.000 

50.000 


Energy Required (Ft) 

74,000 

105,000 

144.000 


Deliver payload - 1000 lbs. 

Cruise at design Mach number, best altitude on dry power. 
Descend and decelerate with no time, fuel or distance. 
Subsonic eriis* at best cruise speed and altitude. 

Descend to sen level with no time, fuel or distance. 

Sea level loiter for 20.0 minutes at. best loiter speed. 


Figure 1. Design Mission Details 



10 


TABLE I 


Characteristics of the Selected Airplanes 


DESIGN CRUISE 
MACH NO. 


2.0 

2.5 

Gross Wt. 

(lb) 

21650 

27350 

30950 

w 0 /s 

(psf) 

65 

75 

75 

t/w 0 


.65 

.686 

.72 

Radius 

(nm) 

300 

300 

300 

Takeoff Distance 

(ft) 

2650 

2630 

2660 

SEP at .9M/30K/5g 

(fps) 

-300 

-300 

-300 


TABLE II 

Characteristics of the Refined Airplanes 


DESIGN CRUISE 
MACH NO. 

n 

2.0 

2.5 

Gross Wt 

(lb) 

15700 

18304 

23469 

Fuel Wt 

(lb) 

389*4 

5424 

8467 

Wing Area 

(ft 2 ) 

185 

215 

276 

Engines 

(#-*) 

2-45.3 

2-52,4 

2-62.6 

Radius 

(nm) 

300 

300 

300 

Takeoff Distance 

(ft) 

3000 

3000 

3000 

SEP at .9M/30K/5g 

(fps) 

-175 

-167 

-170 
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Figure 2, Configuration Layout-Supersonic Penetration/ 
Maneuvering Fighter (Sp/mf), D575-1 
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Section II 


INLET DESIGN AND PROPULSION PERFORMANCE 


This report documents the air induction system conceptual design studies 
for the Supersonic Penetration/Maneuvering Fighter (SP/MF). Five inlets were 
configured for design Mach numbers of 1.6, 2 . 0 , and 2.5. The Mach 1.6 design 
inlet is a refinement of the Supercruiser wing root inlet of reference 1. The 
Mach 2.0 and 2.5 design inlets are multi-shock systems configured in advance 
of precise air vehicle definition. The performance estimates for the Mach 2.0 
and 2.5 Inlets include the assumptions of a freestream flow field and design 
angle of attack. 


ENGINE AIR DEMAND TRENDS 


The FW74 cycle deck, reference 2, is used as representative of 1980 
engine technology, and permits a wide variation in Overall Pressure Ratio (OPR), 
Bypass Ratio (BPR) and Turbine Inlet Temperature. The 100 percent size 
engine has a design corrected airflow of 130 pounds per second, and a fan 
inlet diameter of 28.3 inches, A 2.3 percent airflow bleed from the inlet 
duct for the cooling air for the Environmental Control System (ECS) was 
included for inlet sizing. 

The left side of figure 6 shows the effects of OPR and BPR on engine 
corrected airflow vs ram temperature, Ttg* Increasing the OPR from 15 to 29 
significantly depresses the engine air demand at T *2 above ^00 degrees Rankine. 
Increasing the BPR from 0.2 to 0.6 increases the air demand at high Tt 2 levels 
and low OPR designs. These curves indicate the degree of inlet variable 
geometry required for exact inlet/engine matching. An inlet throat Mach 
number of about 0.7 is desired for good pressure recovery and low spillage 
drag. If the inlet throat area cannot be reduced to match the engine air 
demand schedule the excess inlet elr supply must be spilled externally or 
bypassed. 

The right side of the figure compares the trends of freestream tube 
area, Ao> vs Mach nisnber in the isothermal atmosphere. These curves show 
the virtually impossible task of designing an efficient inlet for an OPR = 29 
engine in a Mach 2.5 air vehicle. Achieving a 50 percent throat area regula- 
tion between Mach 1.0 and 2.5 with a capture area only 20 - 3 0 percent greater 
than the maximum throat area cannot be done without an extremely complicated 
variable geometry inlet. In addition, the low corrected airflow connotates 
a low engine thrust/ weight ratio at supersonic cruise. Therefore, the OPR =15 
engines should bo used for the Mach 2,5 cruise air vehicle studies. 


INLET SPILLAGE DRAG 


The inlet drags contained in this report include all drags due to operation 
at inlet capture area ratios, kjk c , below unity. All form and friction 
drags on surfaces external to the inlet projected area, A c ,are included in 
the air vehicle drags. In this report, the spillage drag is the summation 
of boundary layer control air momentum drag, compression surface pressure 
drag at maximum mass flow ratio, and additive drag due to suboritical air 
spillage or the drag associated with bypassing the excess inlet air capacity. 

A comparison of additive drag for the B-l inlet, reference 3 and a 
NACA 1 series ^B747, DC* 10, L101.1 type) inlet, reference 4, is given on 
figure 7. This figure shows that the ACd/(A 0 /a c ) slopes are quite similar 
for these inlets; therefore, the B-l additive drag trends were used for all 
inlets employing external compression surfaces in this study. 


PRESSURE RECOVERY AT LOW SPEED 

Sharp inlet lips are needed for efficient suf- iconic operation, but 
these shaip lips create flow separation losses at inlet mass flow ratios 
greater than unity. The take-off pressure recovery can be improved with 
auxiliary inlets. Figure 6 shows experimental pressure recovery data for 
sharp lip inlets, the . -100D inlet with an r/Dh (inside lip radius/inlet 
hydraulic diameter) of 0.02, and auxiliary inlets. An auxiliary inlet/ 
capture area ratio of 0.25 is used for most of the inlets in this study. 

The Mach 1.6 design wing root inlet is too short for a conventional 
auxiliary inlet. Figure 9 illustrates a technique of over-rotation of the 
variable camber feature of this wing root design to open an auxiliary inlet 
slot in the top of the wing. The estimated take-off pressure recovery gains 
with this slot are shown on figure 10, 


INLET CONFI GURATI ONS 


In the initial Supercruiser configuration development, it was assumed 
that the inlet would he located behind the detached shock generated by the 
subsonic wing leading edge. However, the inlet evolved into a wing root 
location in a near-freestream flow field. 

Figure 11 presents D572-2 Supercruiser flow field data and a station 
cut comparison of the D572-2 and T575 air vehicle at F.S. 350. The flow field 
data for « 0 of 0 and 4 degrees were developed with the slender body flow 
theory program, reference 5* These flow field data show that the wing 
root inlet location Involves the smallest flow field transients. The top 
of the fuselage is a completely unsatisfactory location for an inlet. A 
bottom outboard inlet (Y 2 1)0 inches) would be the preferred alternate to 
the D575-1 inlet location. 

The highly swept inlet sidewalls and the short subsonic diffuser preclude 
the use of a conventional external compression ramp. The figure 9 inlet 
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figure presents the experimental pressure recovery penalty for self-restarting 
operation due to the increased normal shock loss as a result of the throat 
Mach number schedule shown below. Theoretically, the self-restarting concept 
requires an unstarted sonic throat static pressure P u * higher than the static 
pressure Pi, on the external ramp forward of the cowl lips to create the 
necessary ramp boundary bleed flow reversal. The theoretical curve assumed 
an isentropic internal contraction process to the terminal shock for the 
started inlet and ignored the effects of boundary layer bleed. The experi- 
mental restarts, at off design Mach numbers, involved three-dimensional 
external air spillage and boundary layer bleed flows that moderated the 
flow processes and permitted restarts at below the isentropic theory throat 
Mach number schedules. The data points above the theoretical curve illustrate 
the effects of non-isentroplc interna], contraction and incomplete boundary 
layer removal at higher Mi levels. The square and circle symbols denote the 
design throat Mach numbers for the M 2.5 SP/MF inlets. 


Figure 16 shows the Mach 2.5 2-D inlet (shock on cowl at 2.6 m) with 
a design point shock system pressure recovery of 93 percent and a duct exit 
recovery of 87 percent. The design point boundary layer bleed is six per- 
cent. The inlet geometry is controlled by the double angle compression ramp. 

The Mach 2.5 semi-cone inlet has only two external oblique shocks, a 
shock system recovery of 90*2 percent and a duct exit recovery of 84 percent. 
The decreased compression surface area permits a design point bleed flow of 
5 percent. Configuration details are given on figure 17 • 


INLET PERFORMANCE ESTIMATES FOR PROPULSION SYSTEM ANALYSES 

The inlet performance estimates for propulsion system analyses are givai 
on figures 18 through 22 . The format permits solving for pressure re covery 
by input of corrected airflow (engine plus ECS) to the appropriate V^7^t2 A c 
curves. The capture area ratio, Aq/A c , and inlet drag coefficient, Cp^, can 
be computed from A c> Pt2/ ?to> and A / A * for particular flight 

Mach number. These drag curves include all corrections to Aq/A c as explained 
in a previous section. 

The design capture areas for a SLS engine corrected airflow of 130 pounds 
per second and 2.3 percent ECS bleed flow from the inlet are tabulated below: 


INLET 

Af/^sq in. 

Sizing Criteria 

Ml. 6 , Wing Root 

460 

T/O, M= 0.9, 36 K 

M2.0, 2-D 

522.5 

t/o, M= 0 . 9 , 36k 

M2.0, Semi -cone 

522.5 

T/o, M s 0.9, 36k 

M2. 5, 2-D 

575.0 

t/o, m= 0.9, 36k** 

M. 25 , Semi-cone 

565.0 

t/o, M= 0.9, 36k** 


** These inlets are oversized at 2.5M for OPR greater than 15, BFR ~ 0.2. 
Circle symbols on figures 21 and 22 denote inlet control points for mixed 
compression operation. 
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The pressure recovery decay at subcritical W 4®7 s t2 A c levels at Mo >1.6 
show the effect of bypassing duct airflow through a B-l type bypass door on 
the cowl side of the inlet. This bypass process removes part of the above 
average total pressure air and necessitates a pressure decreasing mixing of 
the remaining airflow. These data can be refined when air vehicle configura- 
tion development efforts permit an exact definition of the bypass design. 

Installed propulsion performance data for SP/MF studies are given in 
reference 23. The selected propulsion systems are as follows: 


Design Mq 

1.6 

2.0 

2.5 

Engine 

FW74-16 

-17 

-18 

Bypass Ratio 

0.2 

0.2 

0.2 

Overall Pressure Ratio 

29 

29 

15 

Inlet Type 

Wing Root 

2-D 

2-D 

(Reference Figure) 

9 

12 

16 


HAMMERSHOCK PRESSURES 


Duct exit pressures for operation on 1500 and 2000 psf V limits are 
presented on figure 23 . The haramershock pressures were estimated by the 
methods outlined in references 10 and 11. The duct exit hammershock 
pressure ratios, AP/P 2 > are shown for a bypass ratio of 0.2 and Overall 
Pressure Ratios of 15, 22, and 29 . Hard engine stalls will create duct 
exit hammershock pressure pulses of 15 - 20 psi for 1500 q designs and over 
20 psi for 2000 q air vehicles. The Overall Pressure Ratio has a significant 
effect on the hammershock pressure pulse at low altitudes and Mach numbers. 
Increasing the Bypass Ratio to 0.6 will reduce the hammershock pressure pulse 
by 5 - 6 psi at low Mach numbers. 

Hammershock pressures are a very important design factor for long inlet 
diffusers. The gains in engine thrust/weight by decreasing bypass ratio can 
be cancelled by Increased diffuser weight due to higher haramershock pressures. 
The hammershock pressure pulse, AP/Pp, may be attenuated in the forward duct 
by 10 - 20 percent at high speeds due to duct area variation and boundary 
layer bleed, but experimental data show little attenuation at low speeds. 


MACH 2.5 MISSION INLET EVALUATION 

Three candidate inlets for the M2. 5 SP/MF (D575-4) are compared on 
figure 24. The l/lO scale sketches and P^/P^q vs Aq/A c plots compare: 

2-D Mixed Compression Inlet (MCI), 4 oblique shocks, design point 
Ptg/^to = reference figure 16, 

Axlsymmetric MCI, 3 oblique shocks, design point Ptp/Pt n ~ 0.84, 
figure 17 . * 0 
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AxiBymmetric External Compression Inlet (ECI), 2 oblique shocks, 
design point Ptp/Pt 0 = °»79» This is the Tailor-Mate, reference 7 
B-3 inlet with the pressure recovery reduced a calculated three 
percent from the experimental level to correct for the large offset 
in the D575-4 diffuser. 

The propulsion performance data in reference 23, PW74-18 engine, were based 
on the 2-D MCI configuration. 

Figure 25 compares the propulsion system performances for the several 
inlets. These curves represent the changes in net propulsive effort, F^g, 
and ' tecific fuel consumption, S.F.C., due to differences in pressure recovery 
and spillage drag. The Fjje differences were insignificant for maximum power 
operation at Mach numbers below 1.6. 

The basic assumptions for approximate mission analyses were: (l) No 

change in air vehicle weight between inlets, (2) No differences in air 
vehicle drag for inlet mass flow ratio = 1, and (3) No change in total fuel 
load. For simplicity in calculation, a common climb-acceleration to M 1.6 
and a common 100 mile subsonic cruise and loiter at the end of the mission 
were assumed. The basepoint mission for the 2-D MCI inlet Installation was 
evaluated with the Rockwell Mission Analysis Program, the mission segments 
for the other inlet installations were approximated by desk calculation 
adjustments for the differences in net propulsive effort and specific fuel 
consumption shown on figure 25» 

The dominant segment of the M2. 5 SP/MF mission is the maneuver at 50,000 ft 
maximum power, to achieve a total energy maneuverability, /v/w(Fjj-D)dt of 
144,000 feet. The M2 , 5 cruise legs were tdjusted to accommodate the changes 
in fuel consumption for the combat maneuver. The effects of the performance 
differences are graphically illustrated on figure 26 and tabulated below: 


Effect Inlet 



A xi MCI 

Axi ECI 

Change in Net Propulsive 
Effort, AFne 


-13.9* 

Change in Maneuverability 
A SEP 

-12.5$ 

-37.8* 

Increase in Maneuvering 
Fuel 

+12 . 2$ 

+42.4^6 

Change in Combat Radius 

-23 nm 

-89 nm 


If the mission requirements were changed to a constant 2071 pounds of 
fuel for the combat maneuver the loss in radius will be 10 nm for the A X j_ 
MCI inlet and 30 nm for the A X i ECI inlet installation. 


The preliminary analyses show significant effects of inlet performance 
on mission capability for the D575- 1 * air vehicle. It does not appear that 
a detailed configuration and mission analysis study will markedly change the 
results. All three inlets have two variable compression surfaces and fair 
into the same diffuser; therefore, the weight differences should be a 
fraction of one percent of the air vehicle structural weight. A shock- 
expansion theory analysis of inlet cowl pressure drags showed no significant 
differences in isolated inlet pressure drag* 

Mixed compression inlets will be required for the M2. 5 sp/MF. However 
the relatively small size (A c of \/k — ► l/ 3 of existing variable geometry ? 
inlets; and the relatively brief supersonic flight time dictate a careful 
review of variable geometry features. For example, adding another variable 
ramp or cone plus actuation and control to achieve another 1 to 2 percent 
pressure recovery would not be cost effective. 
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figure *7. ADDITIVE DRAG TRETIDS 
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Section III 


STABILITY AND CONTROL 


LONGITUDINAL STABILITY 

Preliminary longitudinal stability checks were made using both the RI 
Unified Vortex Lattice Program and the RI Unified Distilbuted Panel Program. 

A comparison of the two program' using the D575-.1 configuration is shown on 
figure 27. It can be seen that the two methods agree at subsonic speeds 
where the Unified Vortex Lattice had been correlated with numerous wind 
tunnel data, but at supersonic speeds there is substantial disagreement. On 
figure 28 it can be seen that the area of disagreement is at the wing tip 
where the panel program estimated more load than the vortex lattice. 

Because of the difference between the two methods, an investigation was 
made to determine which was more reliable at supersonic speeds. Figure 29 
compares the two methods with wind tunnel data from reference 12 and an 
analytic solution from reference 13 for an arrow wing type configuration. 

Again it can be seen from this comparison that both methods predict the 
correct add load, but that the Unified Vortex Lattice program predicts an 
aerodynamic center location forward of that predicted by the Unified 
Distributed Panel program. The test data shows a variation of the aerodynumic 
center falling between the two methods, but the Unified Distributed Panel analytic 

method shows a much closer agreement. On the basis of this comparison and 
other similar comparisons for delta wings at supersonic speeds, it was 
decided that the Unified Distributed Panel program should be used during 
the remainder of the study. 

The planforra sensitivity study as shown on figure 30 was made. The 
planforms ranged from a two degrees subsonic trailing edge to a 10 degrees 
supersonic trailing edge as well as the effect of an unswept trailing edge 
Inboard (trailing edge structural extension) to accommodate the engine and 
structure arrangement. The subsonic trailing edge configuration was chosen 
due to its smaller a.c. shift and higher lift curve slope. These data are 
shown on figure 31 and are all based on the some wing area moment reference. 
Figure 32 compares the span load distributions subsonleally and supersonically 
for the selected planform. It can be seen from figure 33 the change in a.c. is 
due to the additional load carried on the trailing edge at supersonic speeds. 

A low speed (MhO.16) wind tunnel test was run on a configuration similar 
to the D575-1 and the results are published in reference 21. The results of 
this test showed: 

1. that the Unified Vortex Lattice program predicted the stability and 
control characteristics of this configuration 

2. that approximately 50 percent of maximum vortex lift was attained 

3. directional stability increased with increasing angle of attack 

4. linear pitching moment characteristics up to approximately Ct, = 0,9* 
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Analysis of the leading edge suction and correlation with other data 
indicated that the large sweep difference between inboard and outboard wing 
must be decreased. This will decrease the strength of the inboard vortex 
and increase the strength of the outboard vortex with a resultant linear 
pitching moment to a higher lift coefficient. The model is being modified 
to Incorporate this change and will be tested in the near future . 

An estimation of the balance of the D575-1 configuration showed that 
the CG was too far forward resulting in large trim requirements at certain 
Mach numbers as shown on figure 34. The planform modification discussed 
above which entailed moving the nose aft, changing the inboard blending, and 
changing the trailing edge sweep results in substantially improved character- 
istics. This coupled with moving the engine nacelle package (for wave drag 
reasons) results in the configuration shown on figure 35 (D575-1 revised) 
and the characteristics shown in table IV and figures 34 and 35 . 


DYNAMIC STABILITY 


A preliminary aerodynamic characteristics study was accomplished for 
the advanced supercruiser vehicle utilizing '.he six degree of freedom of 
motion analytical program. The equations mechanized were those of a rigid 
aircraft, with the time history solution requiring engine performance, 
inertias, static and dynamic aerodynamic coexficients, and airplane weight. 

The static aerodynamic coefficients utilized in this study were those 
characteristics obtained from a low Reynolds number wind tunnel test performed 
in NAAL (7 x 11 foot atmospheric test facility). The dynamic derivatives 
were obtained by use of an in-house computer program. The nomenclature used 
in the dynamic stability computer program is found in table V, Basically, 
the test data was used "as is" except that the moment data was referenced to 
17.5 percent of the mean aerodynamic chord (canard in). All time histories 
were started from a trimmed condition at five degrees angle of attack. 

Investigation of pitch up to 7*5 degrees with the canard in and canard 
out time histories, runs 1A and IB (figures 36 and 37, respectively), indicated 
that the aircraft has good pitch stability. Pitch ups through 13 degrees 
angle of attack were also performed with the canard in, figure 38 . An analysis 
of the time histories leading up to this run indicated that the aircraft is 
quite sensitive in pitch above an angle of attack of 14 degrees. The static 
pitching moment data also show this to be true, i.e., unstable pitching moment 
above 12.5 degrees. 

An analysis of the time histories produced to date indicate that it would 
be desirable to have greater pitch stability above an angle of attack of 
12 degrees than exhibited by the wind tunnel data, in order to have improved 
handling qualities in pitch at high angles of attack. An investigation will 
be performed at the higher angles of attack where the aerodynamic data reflects 
this increase in pitch stability. This new aerodynamic data will be obtained 
from a future wind tunnel test using the redesigned configuration (i.e., D575-2A). 

T,me history run IB (figure 37 ) was rerun as run 4 (figure 39) with yaw/ 
roll control, outboard flaps (4,5,6) deflected, plus roll recovery input, in- 
board flaps (1,2,3) deflected, being utilized during the pitch up. This run 
demonstrated good Initial recovery in roll and yaw. 
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Time history run 5 (figure 1*0 ) Is a yaw/roll doublet performed by use of 
the outboard flaps. This time history demonstrated that 30 degrees of roll 
angle can be achieved in one second at an angle of attack of 7.5 degrees. 

Run 6 (figure 1+1 ) indicated that 30 degrees of roll in one second could also 
be obtained by use of the inboard flaps. Additional runs are planned at higher 
angles of attack, with roll and pitch recovery, to study roll control in 
greater detail. 

Ananalysis of the static date indicates that the inboard rolling 
surfaces have adverse yaw associated with roll input, while the outboard 
yawing surfaces exhibited adverse roll for yawing moment input. Upon 
analyzing the time histories where the flaps were deflected for positive 
roll input, it was noted that negative rolling motion actually developed. 

This result was due to the positive /3 generated during the run, associated 
with the roll/yaw control input, and its effect on the negative C(q term. 

This above result is demonstrated by run 6 (figure **l) which also Exhibited a 
favorable roll/yav motion during the maneuver. Because of the previously 
mentioned problem, extremely poor roll recovery existed once the vehicle 
rolled through 90 degrees. 

An attempt was made to sideslip the aircraft through 10 degrees of /3 
with the wings level. This run was unsatisfactory in that the aircraft 
sideslipped through 10 degrees but also rolled through 10 degrees. This 
attempted sideslip run indicated that 10 degrees of /3 can be achieved but 
not with the wings level; seme roll angle (P « 10 degrees) might have to be 
accepted. 

Additional analyses were performed in determining how to improve and 
correct the rolling motion produced when partial roll control was introduced, 
and to yield improved roll recovery. Roll control in conjunction with 
correct yaw control inputs improved the situation in that a favorable roll/ 
yaw motion existed and the vehicle rolled in the direction of the re 11 input, 
but poor roll recovery still prevailed for this case. The yaw inpuc was 
utilized to yield the correct sign on sideslip ( /3 ) so that x /3 had 

the correct sense during the attempted roll maneuver. p 

It was noticed that the roll recovery problem existed in an angle of 
attack region (0 through 10 degrees) where C n j /c go was approximately -0.03. 
This relationship is extremely small when compared* to existing aircraft, 
which have an average value of C n o /0(o of approximately -1.50 over an 
angle of attack range of 0 degrees to 10 degrees. An investigation was 
performed utilizing the six degrees of freedom program where C n « and C(a 
were varied to determine the lower bound of the ratio fVg /C(p 'which would 
yield favorable roll recovery for this vehicle. The analysis showed that a 
value of -0.1*65 or less (more negative) would be appropriate. Through use 
of the Unified Vortex Lattice Program and utilizing the new configuration 
described on figure 35, it was determined that the previously mentioned 
level of Crjo/Cffl could be obtained by the addition of negative wing 
dihedral to 3 the basic planform, figure 4S. 

A low speed wind tunnel Investigation has been run to evaluate the 
static longitudinal and lateral -directional characteristics of these new 
wing designs in conjunction with the new vehicle planform. The preliminary 

results of this test are shown in reference 22. 
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FIGURE BO. WING STUDY GEOMETRY VACATIONS 
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FIGURE. 3 5 . WING STUD* MODIFIED CONFIGURATION 



Table V 


NOMENCLATURE FOR TIME HISTORY RUNS 


ALP-DEG 

Angle of Attack, Deg. (Positive Up) 

THETA 

Euler Pitch Angle, Deg. (Positive Up) 

PHI 

Euler Roll Angle, Deg. (Positive Right) 

PSI 

Euler Azimuth Angle, Deg. (Positive Right) 

GAMMADEG 

Flight Path Angle of C.G. , Deg. 

BETA-DEG. 

Sideslip, Deg. 

ALT 

Altitude, Ft. 

VTOT 

Resultant Velocity Along Flight Path, Ft/ Sec 

P-BODY 

Roll Rate, Deg/Sec, Positive Clockwj.se 

Q-BODY 

Pitch Rate, Deg/ Sec, Positive Up 

R-BODY 

Yaw Rate, Deg/ Sec, Positive Clockwise 

Qo 

Dynamic Pressure, Lbs/Ft 2 

F-THRUST 

Engine Thrust, Lbs 

NZ(G’s) 

Load Factor Along Z-Axis, - F^/y 

Canai ti Loc. 

0.0 is in, 1.0 is full out 

DFL(123) 

DFR(I23) 

Left Hand Inboard Flap, Positive Down 
Right Hand Inboard Flap, Positive Down 

DFL(456) 

DFR(U56) 

Left Hand Outboard Flap, Positive Down 
Right Hand Outboard Flap, Positive Down 
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Figure 37a. Time History Results, Run lb 




















































































VTOT 


500 

250 


0 








































































'S§SSBS 



sa 


17.5 20.0 



17.5 20 



IHIIIlllgSilH 



MBBHHHBiiiH 


EI hBImS 

bm 



a a 5 q /.J lOJI 
2,3 TIME IN SECONDS 


Figure 


39c. Time History Results, Run 4 . 































































































































CANARD LOC 


DFLU23) 


DFRU23> 


DFL ( 456 ) 


DFRL(45(i! 


OCR (456) 



































Section IV 


AERODYNAMIC DESIGN 


The objectives of the detailed design procedure were to define the twist, 
camber and thickness distributions to obtain minimum potential form drag and 
viscous form drag at the design Mach number and lift coefficient. 

The planform shape and wing volume defined for the basepoint configura- 
tions provided the inputs to the detailed design efforts, figures 1*3 through 
1*5. The optimum twist and camber were obtained for the design lift coeffi- 
cient under trimmed conditions and additionally satisfied constraints to 
produce mild camber shapes. The wing thickness distribution and the canopy 
and nacelle area distributions were optimized for minimum vehicle wave drag. 


CAMBER AND T WIST 

The camber and twist distributions were obtained at the design point 
for each configuration, D575-2A, -3, -4. The design lift coefficient and 
CG for each configuration are shown in table VI. For the design Cl the 
principal constraints involved were that the center of pressure of the basic 
load act at the CG and that the camber shapes produced acceptable pressure 
distributions such that viscous form drag would be minimized. 

The optimised camber and twist distributions were computed with the 
Nonplanar Unified Distributed Panel Wing-Body Program. For a given p3e.n- 
form, Mach number and Cl, the program computes th-' optimum twist and camber 
for minimum vortex and zero suction drag. The additional constraints avail- 
able are: specification of the aerodynamic center . nd/or the spanwise 

variation of the center of pressure location. 

The twist and camber were optimized for zero rather than 100 percent 
suction drag because of the following considerations. The twist and camber 
resulting from the supersonic optimization for zero suction drag, when 
analyzed will produce a 100 percent suction drag polar which is approximately 
tangent to the zero suction drag polar at the design condition. However, 
the supersonic optimization for 100 percent suction drag results in a twist 
and camber distribution that, when analyzed for zero suction drag, produces 
a drag polar which is not tangent at the design point. The difference 
between the zero and 100 percent suction drag may be of sufficient magnitude 
so that any loss of leading edge suction, which will always occur, will 
result in a substantial penalty. 

For each configuration, M=i.6, 2.0 , 2.5, the twist and camber were 
optimized for several combinations of the available constraints. These were 
(l) no constraint on the aerodynamic center (2) aerodynamic center at the 
CG and (3) trimmed condition with a specified spanwise variation of center 
of pressure. For the third case the spanwise distribution of center of 
pressure was constrained to that of the additional load, The camber shapes 
produced by the first two optimizations were essentia] ly identical. For the 
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third case, the addition of the spanwise center of pressure constraint 
produced milder camber shapes with, of course, a small Increase in drag. 
These camber shapes were those finally selected because, in comparison with 
those produced by the first two optimizations, (1) the milder adverse pres- 
sure distributions near the trailing edge were more acceptable with regard 
to viscous form drag (2) the possibility of large variations in center of 
pressure at off -design conditions was mlnL.il zed and (3) the drag penalty 
was not substantial. 

The final twist and camber distributions for the three configurations 
are shown on figures U6 through 5k. 


WING THICKNESS 


To obtain minimum vehicle wave drag the volume distribution of each 
configuration was optimized with the Wave Drag Optimization Program, The 
total configuration volume was retained and critical sections were constrained 
to the minimum required area. 

The Wave Drag Optimization Program determines optimum configuration 
geometry to minimize wave drag due to thickness. One or more components 
may be optimized simultaneously, or the components may be optimized sequentially. 
In the latter procedure a component which has been optimized may be saved 
within the program and the optimized geometry used in subsequent optimizations 
of the other components. 

The configuration components are classed as either planer or nonplanar 
bodies. The nonplanar component is optimized with respect tr. cross sectional 
area distribution. One or more sections may be constrained to a given area. 

For planar components both the spanwise and chordwise thickness distributions 
may be optimized. Constraints may be applied at any particular point by 
specifying the local thickness, t/2c. 

The configurations were modelled as follows. The inboard blended wing- 
fuselage was treated as a planar component defined initially by a oc.-iee of 
airfoils with the same section profile but a variable spanwise thickness 
distribution. The wing outboard of the nacelle was defined similarly. The 
canopy was defined as the volume above the wing section. In this manner the 
fraction of the total volume attributed to the canopy was minimized. Each 
nacelle was modelled as two semi -elliptical bodies positioned above and 
below the wing. Thus, the wing thickness distribution was continuous across 
the span. It was necessary to follow this procedure for the D575-3 and -1+ 
configurations since the semi-conical inlet is located below the wing and 
the nacelle is not symmetrical with respect to the wing chord plane. The 
D575-2A configuration has an elliptical leading edge inlet and the nacelle 
is symmetric relative to the wing chord plane. For this configuration (-2A) 
the final optimized thickness distributions were obtained with the above 
procedure. In addition, for v;he -2A the optimization was obtained with an 
alternative representation of the nacelle. The nacelle was treated as a 
single body and the wing was broken at the inboard and outboard .junctures. 

The optimization produced a drag level that was identical to that obtained 
with the formerly described procedure of maintaining a continuous wing thick- 
ness distribution across the span. 


For each configuration the components were optimized sequentially: 
canopy, nacelle and then all planar components. This procedure proved to 
be the most effective for these configurations. The nonplanar components 
were modelled so that they contributed only a small fraction of the total 
volume. 

After the optimized canopy and nacelle geometry was determined the 
optimized components were saved within the program. Then all planar components 
were optimized simultaneously. In the process constraints were added where 
required to maintain minimum thickness levels for structural considerations. 
Constraints were added to produce acceptable chordwise thickness distributions. 
Specifically, positive curvature was maintained in the regions forward of 
the maximum thickness for all airfoil sections to minimize viscous form drag. 
The wing thickness distributions are shown on figures 55 through 57 for the 
three configurations. The optimized area distributions for the canopy and 
nacelle are shown on figures 58 through 60. 


NACELLE LOCATION 

The optimum placement of the nacelles depends upon several factors: 
stability and control, armament placement, inlet operation and wave drag. 

An examination of the effect on wave drag due to thickness was made for 
several alternate nacelle positions. The primary location, and that for 
which all detaile. design and analysis was based on, is shown on figure 6l 
The outbeard edge ■ f the nacelle is located at 60 percent semispan for all 
configurations . 

Wave drag was computed for the D575-2A for an alternate nacelle location, 
figure 61. The nacelle was moved inboard so that the thrust axis was at 
tj= .23. The optimization procedure described previously was repeated for 
the alternate configuration. A new wing thickness distribution resulted 
but the total wave drag was the same as the basic configuration. A com- 
parison of the optimized spanwise distribution of maximum wing thickness 
is shown on figure 61 for both nacelle locations. 

For the D575-3 configuration two alternate nacelle locations were 
analyzed. 'The nacelle was first moved inboard so that the thrust axis was 
at t) = ,3h. The total wave drag remained the same for this location. The 
nacelle was then moved forward JO inches so that the distance from the 
leading edge to the inlet was the same as that for the basic configuration. 

The total wave drag for this position was 18 percent higher than the level 
for the basic configuration analysis. 


ANALYSin 


At the design Mach number and for off design supersonic conditions, each 
configuration, as defined by the optimized twist, camber and thickness distri- 
butions, was analyzed with the Total Pressure Drag Program, reference 12. 

TotaL pressum drag nolars for zero and 100 percent leading edge suction were 
obtained for each configuration. Also, wave drag due to thickness only was 
obtained as a function of Mach number. 
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The Total Pressure Drag Program computes wave drag due to lift and 
thickness, vortex drag and the interference between lift and volume, rue 
pressure distribution for the basic and additional loads are required inputs 
and were obtained from the Non Planar Distributed Panel Program. 

Drag polars for zero and 100 percent leading edge suction for the three 
configurations are shown on figures 62 through 6 It at the desig: condition. 

The approximate tangency of the zero and 100 percent suction polars at the 
design Cl i& verified. For each configuration, polars corresponding to 50 per- 
cent leading edge suction were constructed at the design condition and for 
off-design supersonic operating conditions. The valuta of Clk> Cdk an< ^ 
induced drag factor K = (Cdi - C Dk )/(C l - Cl k ) 2 are shown for each configura- 
tion on figures 65 through fo. These induced drag factors are compared with 
the theoretical values for delta and arrow wings on figure 71. 

The basic wave drag level due to thickness for each optimized configura- 
tion is shown on figures 72 to 7^* . As noted on the figures, optimizing 
the geometry for the cruise condition alone did not result in substantial 
wave drag penalties at off-design conditions. 

To determine performance for transonic conditions, the three configurations 
were analyzed with the Non Planar Distributed Panel Wing-Body Program at 
M=.9. The optimized twist, camber and wi.ng thickness distributions were 
used in the analysis. From these results, drag polars for zero leading edge 
suction were available. 100 percent suction polars were obtained by 
evaluating the wing efficiency factor e. 


Configuration e 


D575-2A 1.1735 

-3 1.1711 

-4 1.169^ 


Fran the results of the Non Planar Distributed Panel Program the lift 
curve slope and lift at a= 0 were obtained for each configuration as a 
function of Mach number. These results are shown on figures 75 to 77. 

An analysis of the isobar pattern was made for transonic operating 
conditions for the D575-3 configuration for M=.9, C L = .118, the Isobars are 
shown on figure 78 relative to the actual wing chord plane. As noted on 
figure 78 f swept isobars have been maintained as required to minimize shock 
losses and to obtain a high drag divergence Mach number. For the condition 
shown in figure , Mqd was estimated to be 0.95* The nacelle does 
not substantially affeci the isobar pattern, except, for a region near the 
inboard juncture where locally the isobar sweep is reduced. 

Estimates of skin friction drag were made for the three configurations. 
Dkin friction drag coefficient for the cruise condition at 45,000 ft and at 
M=.6, 21,000 ft are shown in table VI I. 
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Lateral-directional stability is a function of lift per unit angle of 
attack anti the center of pressure. It can be seen on figures 31 and 32 , 

(pages 54 and 55, respectively) that for these planforms the lowest lift as 

well as the most forward center of pressure occurs at low speed. Experimental | 

tests on planforms similar to these have shown that nonlinearity of pitching 

moment versus lift coefficient is more pronounced at low Mach numbers. For I 

the above reasons the stability and control characteristics were investigated 

at low speed. 

Experimental test data obtained by Rockwell International on similar 
configurations (references 21 and 22) have been correlated with the stability j 

and control derivatives predicted by the Unified Vortex lattice Program. 

These results showed excellent correlation in the low to moderate lift * 

coefficient range. These data also showed that the only parameters showing * 

any appreciable nonlinearity was lift, pitching moment, yawing moment , and j 

rolling moment while trailing edge effectiveness was essentially linear 
versus angle of attack. 

Figure 79 shows the estimated stability and control characteristics of j 

the D575-2A configuration and figure 80 shows them for the control surfaces. 

The nonlinear variations of C r , Cl/Cjr, Crw, and C ^ are shown on figures 83 
through 85. These variations were obtained from tne wind tunnel data of 
references 21 and 22. It can be seen frail figure 8l that extending the 
canard results in an increase in lift at a given angle of attack. It can 

also be seen that trimming the configuration by trailing edge deflection '■> 

results in an additional increase in lift at a given angle of attack. A , 

similar estimate for the D575-1 is shown on figure 82. It can be seen for ] 

this configuration that extending the canard does not result in an increase ; 

in lift and that trimming results in a loss in lift, in the intermediate \ 

angle of attack range. This is due to the stability of the airplane (dCm/dCi,) 
and the nonlinearity of the pitching moment. 

The D575-2A configuration has a two-dimensional plug nozzle on the 
engine which can be used for pitch or roll control. The maximum power gross 
thrust coefficient at M=0.6 and an altitude of 10,000 feet was used to compute j 

the effectiveness parameters shown in figure 79* At 8 "g", 20,000 feet and 
20 degrees deflection of the nozzle, 40 percent of the total unbalanced 
pitching moment is trimmed out by the nozzle, therefore assuring adequate 

control to the maximum airplane limits as well as a linear variation of j 

trailing edge deflection versus angle of attack. j 

As discussed in section III the ratio of Cng/Cf/J should be approximately ; 

-0.5 for favorable rolling performance. It can be dcen from figure 79 that l 

the D575-2A meets this criteria, 

During the landing approach it is desirable to be able to roll the air- 1 

plane 30 degrees in nno second to compensate for gusts. Tn the landing 
approach power is applied to maintain 20 feet per second rite of descent. At 
this power setting, if the nozzles are deflected differentially 20 degree:; the 
rolling moment input is AO{ = O.033, As shown in reference ?] this is 
sufficient to obtain 30 degrees roll in one second. 
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D575-2A CONFIGURATION 
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Figure 79. Estimated stability and 

Control Characteristics of 
Configuration D575-2A 
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Section V 


STRUCTURAL ANALYSIS AND WEIGHT ESTIMATION 


GENERAL 

The structural analysis of the three maneuvering fighter configurations 
was performed using the Structural Weight Estimating Program (SWEEP) which 
was developed by the Los Angeles Aircraft Division of Rockwell International 
under contract with the Air Force System Command, Wright Patterson Air Force 
Base. SWEEP was developed to provide rational structural weight estimates 
and trend data for the conceptual and early preliminary design stage of an 
aircraft development. 

The computer program, reference 15# which is referred to as SWEEP has 
a basic rigid airload routine, and a firs' order flutter stiffness approxi- 
mation. It has capability of both a convet. onal metal and advanced composite 
structural synthesis for lifting surfaces and conventional metal structural 
synthesis for fuselage, nacelles, landing gear, and air induction structure. 
SWEEP includes two stand-alone programs that will evaluate the effects of 
flexible loads and a flutter optimization for lifting surfaces. The results 
of these two programs can be used iu the basic program in lieu of the built- 
in routines at the option of the user. The SWEEP program capabilities are 
described briefly in references 16 and 17* 


LOADS 

The basic loads calculated for the structural analysis are rigid. Since 
these configurations do not fit the built-in aircraft model used by SWEEP, 
some adjustments had to be made in order to model it for the structural 
evaluation. The varying wing dihedral had to be made a planer one. The 
wing was unrolled into a common Z plane maintaining the same leading and 
trailing edge sweep angle. The resulting geometry was then evaluated and 


is as follows for the 

three configurations. 




D575-2A 

D979-3 

D979- 1 * 

Mach Number 

1.6 

2.0 

2.9 

Sw (sq.» ft. ) 

19^.36 

229.76 

290.07 

PR 

2.97 

2.97 

2.97 

\ 

.233 

.233 

.233 

A LE 

65° 25' 

70 0 o* 

72° 19' 

Or (in.) 

197.912 

169.79a 

192. 381 
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The symmetrical maneuver loads were estimated at Ml for three altitudes, 
sea level, 20,000 feet and the maximum Mach number altitude. The speed 
profiles for the three aircraft are as shown in figure 86. One additional 
speed was checked and that was for Mach 0,9 at sea level. The SWEEP model 
for loads assumes that there is a separate lifting surface for trimming the 
aircraft. SWEEP was used as a ;ool for estimating centers of pressure for 
fuselage nose, canard, exposed wing, wing carryover lift and a portion of 
the wing planform outboard of the nacelle. It was assumed that the estimated 
center of pressure for the planform outboard of the nacelle would be the 
application point for the balancing trim load to give a total vehicle lift 
center of pressure equal to the aircraft center of gravity. A balanced air- 
load system was then calculated for a one degree angle of attack and it was 
scaled up to give the proper vehicle load factor. The canard was assumed 
to be fully extended in the transonic region and fully closed at the super- 
sonic speeds. The resulting airloads were used as the external vehicle air- 
load in the SWEEP calculations. The lift distribution for the wing is 
assumed to be the same as that which results from a trapezoid wing at the 
given speeds ignoring any redistribution required for wing blending, or 
possible balancing twist and camber distributions. No gust, pitching, or 
yawing maneuver loads’ were checked. 

The maximum takeoff gross weight (MTOWT) is defined with 1000 pounds 
of fuselage stores and 300 rounds of ammunition. This weight was also used 
for maximum taxi weight for landing gear loads since no alternate loadings 
are available at this point in time. The basic flight design gross weight 
(FDWT) is defined as the MTOWT less 50 percent internal fuel. The landing 
design gross weight (LDWT) is defined as MTOWT less 60 percent internal fuel. 
Based on the above definitions the following are the design weights used 
for the three configurations. 

P575-2A D575-3 P575-4 

MTOWT (lbs) 15060 18090 23985 

FBWT (lbs) 13113 -15378 19753 

LPWT (lbs) 12723 14835 18906 

The vertical load factors used to determine critical loads at FDWT 
are +7»33 and -3.0, The landing sink speeds are 6 ft/sec at MTOWT and 
10 ft/ sec at LPWT. 

The wing critical loads are shown in figures 87 to 90, The loads are 
for the B575-2A configuration. The critical loads for the B575-3 and -4 
configurations are shown on figures 91 through 98. SWEEP data for the 
P575-2A only will be shown in all the following plots, but the same type 
of data is available for all configurations. In all the structural evalua- 
tions it was found that the highest Mach number was the critical wing 
condition due to the higher temperature and material property degradation 
with temperature associated with this condition. The following temperatures 
were determined by the skin temperature routine of SWEEP. 
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ALTITUDE 

FT 

MACH NO. 

TEMPERATURE 

®F 

0 

0.9 

135 

0 

1.006 

153 

20,000 

1.1*81* 

165 

23,800 

1.7 

198 

33,750 

2.1 

2l*9 

1 * 2,500 

2.6 

380 


Figure 00 shows a simple sketch of the wing planform for D575-2A with- 
out the curved leading edge. It shows that the wing was separated into out- 
board and inboard panels for structural analysis. The load reference axis 
for these two panels are defined in this figure and all wing stations are 
measured along these axis. The origin of the load axis is always at the 
intersection of the aircraft centerline with the axis. 


MATERIAL PROPERTIES 

The structure of the three configurations is primarily built of composite 
materials. The composite material used in the primary structure is graphite/ 
epoxy except for the Mach 2.5 configuration. The temperature increased to 
outside the graphite/epoxy material range hence estimated data for graphite/ 
polyimide was substituted. The properties used for these two mterials in 
the SWEEP stress analysis are shown in figures 100 through 10 3. Tins 

data is based on the information presented in references lo and . 1 . ). Jn-y ^ 
lifting surfaces can be stressed for composite material in the current version 
of SWEEP. The other structures such as fuselage, landing gear, nacelles 
and air induction ducts and ramps can only be analyzed for metal structure. 

The fuselage skins and frames are 202U-T851 aluminum alloy while the longerons 
are 7075-T6511 aluminum alloy. In the Mach 2.5 configuration these two 
materials were changed to 6AL-1+V Titanium alloy. The material properties 
for metal comes from MIL-*OBK-5B. 


WING 

The wings have been analyzed as two distinct panels. The parting line 
between the inboard and c itboard panels is the 1 reak in the trailing edge. 
The wing thickness ratio is defined in figure IQ 1 *. 


The outboard panel construction is graphite/epoxy skins and closeout 
spars with full depth aluminum honeycomb core, The core density is four 
pounds per cubic foot. The inboard panel is multi-spar-plate-skin construction 
made of graphite/epoxy. Figures 105 through 10ft show the GVfFIEP required number 
of fiber plies for the upper and lower skin. The 1*5 degree plies shown are 
the sum of both plus and minus 1*5 degree requirements. 
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Figures 10Q and .1.10 give the cover stresses while figures l 1 ! and 112 
have the wing stiffness data. In SWEEP the following criteria is used to 
obtain the number of plies 

1. The zero degree fiber must be able to carry all the applied axial 
without failure. 

2. The minimum number of plus and minus 1+5 degree fibers must carry 
the applied shear load without failure. 

3. The 90 degree fibers are a constant fractional value of the zero 
degree fiber (25 percent in this case). 

1+. Panel instability is solved by adding increments of plus and minus 
1+5 degree fibers until the panel is stable under axial load. 

5. All layups are balanced and symmetrical and are spread homogeneously 
throughout the thickness. 

Figures 107 and 103 have a set of ±1+5 degree fibers labeled flutter. 

This flutter increment (71 lbs) is a result of the basic SWEEP assumptions 
which only adds ±1+5 degree fibers to maintain panel instability. Panel 
instability is not a problem with full depth honeycomb construction. The 
shear load due to torque is low enough in the outboard panel so that only 
four ±1+5 degree fibers are needed for strength. The primary supplier of 
torsional stiffness of a torque box in composite design is the ±45 degree 
fibers. Hence, for a SWEEP designed full depth honeycomb surface seme form 
of torsional stiffness criteria must be available to get a reasonable 
torsional stiffness capability into the torque box. 

The SWEEP built-in lifting surface torsional stiffness requirements are 
based on a semi -empirical technique for predicting the stiffness required to 
prevent flutter. This technique has proved to be very useful for high and 
moderate aspect ratios. However, it has been found to give fair results for 
lower aspect ratio surfaces, with the exception of delta wings. This technique 
was also originally developed to handle only flutter at subsonic speeds. An 
extension has been developed for modifying the results to obtain stiffness 
predictions for flutter at transonic and supersonic speeds. 

The SWEEP generated data which was used for stiffness requirements should 
be conservative based on data presented in reference 20. The conclusions 
of reference PQ were that the aft mounted engines will cause an increase in 
flutter speed over the required flutter speeds for bare wings. This increase 
is primarily due to a high ratio of engine mass to bare wing mass. The mode 
line (rotation point) follows the center of gravity and high mass ratio 
engines tend to remain fixed in space because of their greater inertia. Tie 
engine mass ratio of reference 2 n is 1,23. The engine mass ratios for our 
three configurations are 1.9, 1.6 and l.»+ for the Mach 1.6, 2.0 and 2.5 
vehicles, respectively. 


f 
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FUSELAGE 


The fuselages have been analyzed as metal construction. SWEEP does not 
have the capability at the present time to handle a composite fuselage. It 
has been assumed that if a metal fuselage is analyzed, then the composite fuse- 
lage weight could be arrived at by multiplying the metal component weights by 
composite to metal weight fractions. The fractions used for these configura- 
tions are as follows; 


longerons 

O .65 

skins 

0.75 

frames 

0.80 


The fuselage is skin- frame -longeron construction. The materials which 
were used for the metal fuselage are 7075-T65H aluminum alloys for longerons, 
202 * 1-1851 aluminum alloy for skins and minor frames, and 6AL-*+V Titanium 
alloy for highly loaded support frames. All components are 6AL-*+V titanium 
alloy for the Mach 2.5 configuration. The critical shear and bending moment 
are given in figures 113 and 11*+ . The resulting longeron areas and skin 
gages are given in figures 115 and 116. Most of the fuselage skin gages 
are set by panel flutter. 


TAMPING GEAR 

The landing gear loads analysis of SWEEP follows the procedure outlined 
in MI L- A-008862A . The resulting loads for the Mach 1.6 configuration are 
shown in table VIII. Tables IX and X give the main and nose gear weight 
required to accommodate the loads of table VIII for the gear arrangement 
shown on the configuration drawing. The gear structure analysis is based on 
using a 2*+0000 heat treat steel. 


STRUCTURE GROUP WEIGHTS 

The structural weights were obtained from the SWEEP analysis for each 
configuration. The composite structural weights for those items which were 
analyzed as a metal structure has been obtained by multiplying by a composite 
to metal weight fraction. The weight fractions based on local Rockwell 
studies are as follows: 


Nacelle O .85 
Air Induction ducts and variable inlets O .85 
Longerons (fuselage) 0,65 
Skins (fuselage) 0.75 
Frames (fuselage) 0.80 
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The leading and trailing edge structural weight for lifting surfaces 
in SWEEP are obtained by statistical equations which are a function of 
geometry, speed, and gross weight. The correlation for these equations are 
based on metal parts hence scaling weight factors which are based on local 
studies were used to arrive at composite structural weights. The scale 
factors are as follows : 


Fixed leading edge structure 0.8 
Leading edge camber devices 0.8 
Fixed trailing edge structure 0.8 
Trailing edge high lift devices 0.7 


No structural weight increments have been included for aerodynamic tailoring 
of wing deflections. 


PROPULSION GROUP WEIGHTS 

The engine weight is based on scaling of Pratt-Whitney supplied para- 
metric engine data. The remaining propulsion group weights are statistical. 
The fuel system weights are based on 0.10 lb of system for one lb of fuel. 
This is comparable to 0.09 for the F-5B, and 0.117 for the F-100A. 


EQUIPMENT AND SUBSYSTEM GROUP WEIGHTS 

The equipment and subsystem group weights are statistical estimates. 

The various functional group estimates are further subdivided for information 
on what has been included in the weights. The surface controls weight 
estimate was varied for these configurations but the rest of the groups were 
assumed to be constant between configurations. The weight breakdowns of 
the equipment and subsystem groups are shown below. 


Surface Controls 


Mach Number 

1.6 

Weight 

lbs 

2.0 

Weight 

lbs 

2.5 

Weight 

lbs 

Cockpit controls 

2? 

25 

25 

Fly-by-wire equipment 

180 

180 

180 

Wiring 

hO 

ho 

I40 

Canard control 

70 

70 

70 

Leading edge controls 

120 

135 

160 

Trailing edge controls (incl. 

fuselage) 190 

205 

230 

TOTArS 

(625) 

(655) 

(705) 
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Instruments 


(190 lbs) 


Indicators 65 

Transmitters and amplifiers 90 

Installations 35 

Hydraulic (3^0 lbs) 

Pumps *+0 

Reservoirs bo 

Accumulators 20 

Filters and valves 30 

Plumbing and fluid 160 

Emergency system 50 

Electrical (^5 lbs) 

Generators 170 

Equipment 100 

Distribution system 140 

Lights and signal devices 35 

Avionics (5^0 lbs) 

UHF **5 

IFF ^0 

CADS 30 

TACAN 60 

ILS 15 

Navigation 50 

Fire control 3^0 

Flight control 'i (included in surface controls) 

Armament Provisions (670 lbs) 

Gun provisions 

Drums 180 

Feed, ejector, chutes, exit, 

conveyors 90 

Starter, governor, trigger 65 

Purging 20 

Blast tubes and plates 30 

Miscellaneous 55 

Weapon control and release system 60 

Launchers 100 

Supports 70 
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Furnishing 


(270 lbs) 


Seat 165 
Misc. accommodations 10 
Oxygen system 25 
Misc. equipment 3 ° 
Flooring and trim 10 
Fire detection and emergency equip 30 

Air Conditioning (220 lbs) 

Heat exchanger 30 
Precooler 20 
Water separator 5 
Ducting and sealing 65 
Controls and valves 90 
Scoops 10 


The weight summary for each configuration is given in tables XI, XII,. 
and XIII. The center of gravity for each configuration is plotted against 
gross weight ir. figures 117, 118 and 119. 



lTU“D£ 'v> \ooo FEET 


575 - 


! *>$75-4 


1 


.1 ..y.. 

t i / / 


, i - 

1 

'7 7 ! 


M(<<« ovefc sjrtotr 


Ml 


i 71 


rt 




.1 I 

1 ! •" 


MAch Number 

f'cnjtfE. <;peet> -MT\Tube. proems 


ORIGINAL PAGE T9 
OF POOR QUALITY 



/0*oo v to **cN-Po»*os 


r 


r~r 


< 


Pj&lt\SL 


J /v*cro< 


- ;.: i . '... - .. I. . . .; i • .1 . 

■ i : I i , 


.! ...: L 

2®» 


2<to 


DUTBUAPD tv/*/ 6 Station -v INCHES 
FI GUR.G. 87, W//N/& our 8o<Qfefr PAN EL U LTtNfATE 

^ Ben v/r/ &> Loads j C z>57S-2aj 

!' i"i 1 i'-'i ! ■' I — 1 — '*r 7i'd«^ o;C j - ; • ; ! •» •• : •■■;■■■• 


Positive Ioav Factok. 


It 

^ -/ 


OUT BOARD YV/NC Station INCHES 

FlbuPE 88. WW4 DutBOPIZH PANEL ULTIMATE 

SHEAR AND TOP 0.U E L~OAF3 l VS7S-ZA] 







w i'n 4 ■spin+ts i 

■j \-kds> : *,aUI | 

S\HE &0 pNClif* 6 ,$ \ 


.. KtoaMto . .. i __ 

. *K <f ; 

: Fy%£s.»N<t€ 


'* * "** *’'**•■'*■" 
1 


’A stfite Ao^t> /Kero, j? 


± Ms$4rt/£ Xqm /%cfox 


IN&&GRD IA//A i 6, &TG TtOb/ 


/Ate 14 & S 


F/6UZE 8*1. \nim6 in B 0 fiKD Panel Ultimate Sending, 


La AIDS, CX)S 7 S- 2 ^ 




ORIGINAL PAGE ft 
OF POOR QUALITY 


ll »3 





Uni 


SM£ n/L 

T&k 




L XJ 



• r :l i i I \ ' - I 1 ! ; ■ ; t i ! • i • ; 


LMlL 

3o 


J-..U.±±..i.jL„ii ..1±XJ.„L i..J..Xi, J.. 

2 So 5Mo 3i« J7o ^/e 

OUT 3ortR7> k)/*fC, ^W^/OA/ ~ Wt/VfeS 


/= 7 <$ 92. Q^7 &C>A X D WrSGjL T£T S £/£*)£ 

/W£> 'TZiR.QJL /jSADS (e>s VS ' 3 ) 


nS I S rNAL PAGK ^ 

of pooh quality 


700 CO 




] O OOO Po^DJ Wk ^ \0<~ H-Poort 


i 




&b. ... L : . 
iF.j— r^.. . 
*<,!£ . .! . 

awje^. 


I-W/Mfct- STTATfOK' 

HPOS ••SrFWi’tjit 
' SWi^'P * ' «>*o :' 


rNj - 1 • i • ! ! s 

^bsntfve I ko*$ factor 


r 


t I ■ ;■ v I •; 

! • : | 

. 

ir-i Ne^AT^ 

.A.I i !....' . 

Aoax> FAcreX 

■ ! : i ! : 

; 1 1 : : 

■'■{"■■’" r 

j. . • i . 


. -to:.:.. .= 

; ; i 

i. • ; ] ■ ' -; ‘ •; 

hti ! v ""' 1 ■ 

t ■ - •••}•• • • 

1 ♦ ! 

[.. .... ! . . 1 ...- t..-JJ 

^ 2o 

• i . . : . .1 

4o 

i” I • ! i 

i ... . i ' 1 . .! : 

bo £© 

! ’ . ■ : 

: . ... i. ... j ... : .. : a- 

: ! * : i ■ 

. • • ■ t 

i .. . . 1 . ..... .... ..;... 

too 

/N BOARD 

LJ/NC, £>TGTI ON 


F/&URE °\'h. UJiNC, 

INBOARD PANEL 

ULT /MATC &£N V>NC) 


M>M>S , (-D51S -3) 


L. L.>, ....^,.i. . 


4 paiiri Jf £o*)& Fficrp/i 




-1 

L.J 

6 

oA/l O 

Ui/NCf 



A 


toooa tuc**-pMiA/0 









lo b INCH- HoonZ>, 


rnr-r 


J... L.U. 

5 \fe«. dF : —y i 

; p^*cv£<*e ! j' 

a ; i 


swo:p -/y^e.j* o.,e* ; . j. .... 
i. ' : j . | I 

• PfcS \TWt kOMS F*CV© ^ 

i 


Mec,AT|i/£ Loat> fa era* 


/N&OARD \rt/NCf STATIC ~ /^Ch\es 
f 1 4 uRt 97 . W I n) ImBoaR'Ci Oa\MM£ 


Wo s> c "d s •• A i 


POSITIVE LeW rnCTOR 


! • 1 


j „; : u;..;: ; 

. i ■ i • ! 


• ne^mw kow\f?ficr*R\ 



i i 

(mO 


•,.. i .. .. .A . 

i op 


INBOARD W/N<$ STAT/oN ^ /NCH<^ 

r/o,uRS 98 , W/Aj<^ IN Bo^R L FW/'ULl UL TIM AT £ 

~PN~u TOPQOC _Ioai>± ( DSlS- 4 )_ 


/D h /noV-Pounp 



r&0/9£Z> B/?N£L 


- JLx>Al> /9x/S . ;■ HV 

■Q&tGir* fr FuSi' "♦rff* 

> . I j • ; ‘ | 

; ! ivVcer-*’ * 


O^r /4W<r£ —si : 

Ioav \ 'Akts\ ' j ]\ 

" *“ r Fi>5, STA. 2T7,d 

; r 


S/b^'jW/WAES fv 
?£F/rV/y<r TORqj>€ 



Burr plqnf ~ Inc Pas 

FIGURE 99 DS2S~j2P, LOAD FX IS X'DfcMTtFiCATio* 








/o 





ipivIT I If / if If 1 u 1j 



J&LjlL 

1 ; < 


l2or **'r r-f* 


^ <4 



}• |- •• ■ !- 

•- ft • ••• 


TEM PUZGry.ZQ ^ °F 

Fl&URs. 102. , Ultimate ’rthJSiotJ And com £>&£.<, s icW 

£rfe£N C»Tbi 


£} 1 
CC 4e » - 


**> l. 

o .. 




1 • : i 


a — i i 


; . J IT£ /ePOKi 




±r:H~T"f- 


6RQPM r£/PGAiMtQ e 


i . . | 


t— 

2oo 


>o goo 50o 

TLM PE.R.ATU £ t: 'V, °f 


•I • i- 


|. .... ,. 




ft 600.1 1 03 , L/Lf/MATi St/lY'fi. C £ f.' 4 ~ i' 











r \?L) til 105 . vi Vv_/vVy -AV/cu LJPP&g c'ors .Z 

tiuaL- l/p 




d 

y 


jp^rk 








r 


imu 


Autre* 


&9S/c &4S 


w,m r/f 


OUTBOARD W///v6 ST ft 7 /ON ^ IK'CKLX 

FIGURE 107. ClliLM2!lE^L Cw&tL 

ul± ’c^LUuUlzl (s oo'/s-^a) 

i . . r^'.tjpiprA . ; 


d U ^ BOARD V^UNC, STATiofsi -v inches 

f/ 6 , uze ice . LIILLI1I10 !lL )U±ii Vf)N: ! / oW/ - 11 <r ° l ' f 







vt.ss - > 'ooo Stress ^ i&do 



FIG.URL toy, 0JdlM2^SR ■SUS^L P ^ N ~ -'• ^oVfeA f $l£L& 0 >S7S'-2A) 



154 





* — ,o 2<aO 2&e 

QUTBO#%}> WIN 6 STATION "V lAJCtf £S 

F’/6UR£. Hi, #£a/P/a/4 /*we> 7q>k^)o/oal ST<PFAJfc S5 

nUTBQQjzp Kw<ii £d£J£L t ^ i A ) 



ei 


i 


t 



//\ :’ >/’'■' r V ■'-' * h^A ^ 'v*fJ '•■' iMv • 


* . 


n 2 . 


■jTir r A/fe. '- s 


'/V -1 . .1 ‘ u Ir/W_. t'/>rJhl 


C b 


,o h= 


8 --' i 

4 1 : 

9 

^ fc - 4- r 

I . : !, 

o . . : 


? 

« -* 







I 



r 







o 

h> 


I 

at 


o 


* 


u 


UU 


Ui 


ft «*■» 


C/> c? 

o o 

UJ 

o o 

O m 

# • 

Z V 

*0 o 

9mn *- 


X UU 


Z ^ 




l// 


U 


Ml 


UJ 


a 


wo wy 

eo o 

Ui 

• • 

O cn 

GO O' 

Z X 

»o m 

tmi r* 

CM CM 

a u. 


Z •»* 


< 




a 


u 


f" 


u 

ir aa 

<1 

CM -T 

kL 

h> r- 


• • 

© 

*N CM 

< 




•J 




o o 


• 

• 

X 

Hi 

cr 


Ui 

ur 

**«• 

GU 

M\ 

UU 

IM 

<T 

JE 

cH 

H 


U. 


UL 

O 

u 

it. 

1 

knt 

iXi 

a 

X 

z 

N* 

ns 

(u- 



0h ' Hi oh 





o 

• • 

• • 

• • 



• • 




ct 

z 

*NS n* 

O' O' 

in r*i 



pm* cr 




«a 

M 

*o m 

so 40 

M> O' 



IO rH 




Ui 

u 

CM 

CM H 

CM cn 



pH O 




wy 

z 






m cm 





Nt 





















z 











pm* 











u 











z 











< 











-J 

u. 

• • 

• • 

• • 



• * 

• • 

• • 



u. 

00 

in cm 

O Ui 



O m 

O H) 

m cm 

wo 

Ui 

u 

n> cn 

r* H> 

H> O' 



CM 

H> Hi 

fM ^4 

o 

u> 

» 

CM 

CM *H 

CM H 



O' in 

H O 

^ CM 

< 

u 

Ui 






m cm 

IN h 

u 

z 

X 









-i 


NX 











►- 









a 











nx 











UJ 











o 











c 











Z 



• • 

• • 

• • 

• • 

• • 

• • 



M 

a 

z 

Hi lO 

rH QO 

m r> 

cm r* 

o <r 

f*» «M« 



a 

n* 

pm 

r- >r 


m Hi 

O' O' 

cm m 

H> Hi 



X. 

Ui 

UJ 

»N M 

CM O' 

Hi t* 

CM r-t 

t-i 

H? O' 




cv 

z 

«' C\ 

*■ f* 

r* ci 

C*1 CO 

cr r- 

O m 



<p4 


< 

H 

H 

•*n #•* 

H 






o 

«J 










z 











pm 











a 











z 











< 











iT«J 

u. 

• • 

• • 

• • 

« # 

* • 

• • 

• t 

• » 



u. 

CM ^ 

%r cn 

cn cn 

h 00 

r sr 

as 

nc in 

n- m 


Z 

M 

r- *? 

CM <*\ 

m- *n 

Ui Ui 

Ui o 

H « 

h O' 

m h 


pm 

1 

so a 

U O' 

rN 

O' u 

uu rn 

CM O' 

CM G U 

h h 


Z 

Ui 

r* 

r* m 

r- m 

CM €0 

f»> fn 

H H) 

cm cn 

GU O' 


* 

X 




*»N 


H 

fH 

rN 



NX 





















wJ 





*4 



•sJ Nj 

*wi hX 


«*J nX 

.i NX 


N| 

mmi NX 

*4 3t 

Z 7 

nx 31 

< at 

<C 7 

NX * 

nx m 

NX 7 

a 

a 

►» a 

iw Of 

Pm Of 

ni or 

^ a 

N 0t 

x u 

x u 

x c 

x Q 

X U 

x u 

x 

x a 

NX z 

NX Z 

< Z 

NX z 

Nl z 

< z 

NX z 

N* Z 






o 







o 

7 







z 

iw 





X 



X 





o 

-i 

U 

N| 



r- 


NX 

CJ 

z 

a 



Z 


ai 

Ot 

< 

CL 



*»* 

a 






U.' 

u 

-J 

CJi 

U 


• 

u 

z 

0 


z 

Ui 

h- 

IS) 

z 



z 

pm* 

X 

U 

7- 

pm 

z 

c 

*— i 

a 

N| 

*-i 

cn 

Jl 

a 

Jl 

a 

a 

ot 

CL 

Z 

o 

D 

H 

cn 

IS 

OJ 

LJ 


H* 



TA&le VTTT Landing Gear. 1*>*d Sjhmah y (t>sis-i*) 


o 


UJ 

Z 

z> 

u 


X 

o 


a 

UJ 

c? 

e 

►»»* 

UJ 

< 


o omt a u o u o n 

##•*•••••••• 


^ CO CM 


CO 


<m r* p n » <r 


a 

U.I 

u 


> 

uj 



H* 

• 

UJ 

K 

3 



-j 

IX 

or. 

at 

< 

z 


►» 

UJ 

♦■i 

uo 

</> <✓) 

«** in 

*" P 


a 

a» 


V) 


UJ 


_ ^UJLUUJU^^U 

V) J J<uw« VlflUV) 

U 


-J 

< (/) 

UJ 

• • • ♦ 

ro cn cr 

2 j 

CL 

r ^ 4 ® 

• • • 

O J* 


4 4X0 

<1 «r4 Sf 

i-i 3 X 

H- 

® u\«w 


UO O O CL 

a < ® 4) o 


a. u 

-J 

n UU' O 


u x 

Or 

H H 

►* 

Z 


O 4 /> Ui 

Z * 
*•* ~4 3 

z o o a 

uj U -> 

cc. 7 a 


i/\ 

ct UO 
UJ UJ u 
K Z ►“* 
OJ C * K 
* *- u «• 
<1 ** u 

*-+ X 
uj V** 


<3 Z 

ill M 

CL 

<X UI 
l/> 


z 

u 

z •■* 

u> a h* 

^ •-* * 

t/> w o * 

UJ -4 <■ 

O' UJ 

UJ 


• • • • 

OJOOI^ 

^CDOH 
Csl o U\ w\ 

m <V 4 r cm 

a) o nw 

(VJ N N M 


pi tr u cd 
U> -r O LT 
• • • • 
»T 'T O IT 
CM ni VTN >T 


00)0 c 

H (T h- 

• • • • 

(\HOO 


CM CM CM <M 

oj cm rvi 


a 

cu 

I- 

z z 
u ~ 
** u 
z a 

a z 

h* u 

y z 
cj O 
a a 
u, K 
K 

c u 

U at x 

U. < LL 

o 

40J-* 
UJ x UJ 
*-* OL 
<1 

a a 
a uj 
< x 
Jtu^ 
u» a> 

Jhh 
UJ ^ u 

® u< 

I I I 

O C C? 
uuu 


z 

D 

a 


a<iuav»x^ * aix> 


UJ 

K 




X 

M 

< 

1 


Ott'"'' 
oV 1 


VA U- 


V 1 


< 

h 

<3 

CP 

z 

c 

*«< 

UJ 

UJ 

u 

a 

«a 

u 

c. 


c 

z 


Uu 

z 

< 


UJ at x 

J u < 

a t~ 

a. c, b * 
p^uu 

K> CL Li 

a 


o 

CM O O 

• • • 

pi aou 


o 



X 

<«*. <•*» 


►"* 

u? U' c/) 


UJ 

X X X Z 


z 

X X X < 



UJ C UJ *-* 



z z z u 

#*«4 «m 4 <1 


L»- 

•«* •*»* ^ Ca» 


c 

O X z 

a 

h 

X c u ^ 

X 

UJ 

f- »»-< ►-» 1 / ) 

c 

a 

u . H ►- •* 

2 


? L'U^ 

•— * 

o 

<i x x r- 

-J 


-J -J 



U U. IL 11 - 

UJ 


u uu 


z 

z u c 

a 

u 

Uj X 

X 

h- 

K X 

k 

V) 

i/> h- U C' 

x 


LU «-» z 

u 

a 

C <1 U" 


77 ? £ / £ 




< 

* 

Jt* t Ur r i Com 


iA/e / ^r/V r 

L> i *r 1 r* in/ 


/q^y £ 

r/ r . ?<‘» ' 


C/L’l •> I Cj^- 


159 


NCSE LA*^*mG GEAR WEIGHS IPCUNCS1 ** tGWT ♦* 


O'lnoor-c? «'«><» 


^ u h «r o g' omn 
<N tf> 


o 


a 

LU 


o 

*» 


z 

• 


to* 

H* to* UJ 


•J 

3 3 3 


> 

a or < 


u 

to- to- u 


Z 

V) V> V> w 


a s-J 

-A vi 

-I 

UJ h» UJ 

U UJ UJ UJ u 

■a 

to-V>-J*J<UJUUG<.V> 

to" 

3 *■* * 

to* CX •** X •** *"* 

u 

Lju.4*uujv>jsto- x 

to" 


^^IGIIVAL PAGP ro 
OF POOH fig* 


//*■<-= X . 






< 

3 




¥~ 

4f V> Ul 

• t • • 

fSJ O CO 


< 

Z 3 OL 

m it •*• r- 

« <* • 


U 

O 3 3 


*\ o m 



n 3I1H 

Himnn 

(V 


►" 

v> a o a 

O' O' ® ^ 



3 

a o 3 

(NHiTU 



a 

a a. or 

H N H 

to- 


z 

*- 


Z 


to* 



to* 





o 


UU 



a 


X 

O *S> Ui 

• t • • 

to- 


H* 

Z 3 0C 

CO'O'T 

z z 



** 3 3 

4) O O <T 

o « 


Z 

Q 3W»h 

fr> (O (T 

*-» o 



z o o a 

r- *j t*- 

z a 



ai o 3 

O ai mm 

3 


z 

<n x a: 

CO OJ INJ CM 

a z 


UJ 



to- o 


> 



to* 

V> 

t~* 



r z 

or 

o 

%A 


3 3 

a k 


or */) 


a or 

to- x 

UJ 

UJ UJ o 

fv H U 

UL to- 

< o 

or 

K z ~ 

O H U U 

to- 

o 

UJ 

111 u ^ h 

• • • • 

Z «■* X 

to* LU 

X 

£ KU< 

'f O h 

to* u UJ 

UJ X 


< ** or 

h ini m m 

u a at 

z 

</} 

*-* x 


Q. 4 U. 

to* O 

UJ 

UJ to- 


a 

z on o oj sr *) oo 

41 



4 UJ to 

4 «H ru(V W CM (VJ 

a 



U4U 

UJ UJ 

-j 



Nwa 

to* Z 




z 

K <1 

z 



3 * 

to* «J 

o 

< z 

o to- >r -* 

a oor 

u 

to* 

UJ *-» 

m 'T m 

►- a u 

z 

t/> 

or 

* • • • 

«l u. 

u 

UJ 

<i o 

Ml o o o 

z o — 

u 

u 

IS) 


uj eu 

X 




J h h 

a o 

UJ 



UJ DU. 

< •-< 

X 



03U< 

U UJ 

to» 

z 



-J JK 


w 


1 1 • 


*» 

y fc-1 



4iiNxr^O)OM^vU 

o 

CDh 


3 0 0 

o UU to H H H 



4* ** *T * 

uuu 

•-* U 

eJ 

^ u a t 

H H H 


| 


OJ J4 



LU UJ 

41 

U2 UJ 



U X o 


u 



*4 A 

Ui 




# *- to* 

or 




« X 

4* 


UJ 


< 



qp4 


or 

VI 


UJ a X 


OJ 

u. 


Ju< 



u 


o to- 

C7NOO 

O 3 

to* 


CL o to- * 

• • • 

Z 

*J 


UhUU 

hOUU 

X mJ to* U 

o 


h x tc a 

• 

UJ -to O to* 

to* 


u. 

o 

f- «* u z a 

Q 

< 



Z ai or 4 h 

Z 


X 

M «#* M> to 

»-* a j uj o 

to* 

«q 

to* 

V) 1/) 4/) V> 

o 3 c a a o z 


u 

O 

I1J UJ UJ 4 

a z ui *- x z ►* 

z 


Z 

X X X < 

ZtoXiL^wZ 

u 

z 

U-' 

UUU W 

u m or *5 ^ ^ a 

toH 

o 

3 

z z z o 

zaaaorz03 

to* 

Ml 


to* to* to* <1 

to VM/J w u J to to 

to* 

V) 

uu 

to- tor — GU 


c 

lu 

u 

*•* 


z 

CJ 


or z z 


c* 


a ►* 

UJ Q u ►- 


UJ 

or 

UJ u 

h to m l/) 



< 

a a 

UJhh ^ 


a 

UJ 

z 

* UU i 


< 

UJ 

H U 

< UJ UJ ^ 


Q 


-1 CV» 

to* _J «J 


— j 

C5 


(J U U. u 



z 

UJ 

LU UI CJ 


z 

*— 

z 

z a c 


o 

UJ 

ff UJ 

UJ Ui 


to* 

z 

UJ to- 

to- UJ J 


V) 

«Q 

to- ^ 

V^ K U O 


U4 

3 

3 *~ 

to* LL. to* Z 


a 


u a 

Q < U) < 



Ui 




UJ 

V) 




X 

c 




to" 

z 




II 

Mo.Se 64/^/t tuei(,nr £v» 

CRITICAL 

U- 

*■*> 

-DfiMS /(• A/ 

Co^T> trtoH /NF^Tt V?*r / 0M CD&TJT-Mj 



t 


160 


hiw 





ORIGINAL l'AGB IS 

op POOR QUALITY TA SUC YE . WEIGHT SUMMARY 


1 RUCTURE GROUPS 

WING GROUP 

TAIL GROUP - HORIZONTAL^ 

.. VERTICAL. 

BODY GROUP 

^ ALIGHTING GEAR GROUP - MAIN 

‘ ' • AUXILIARY 

ENGINE SECT ION OR NAC ELLE G ROUP 

AIR INDUCTION SY STEM 



PROPULSION GROUP 


ENG INE (AS INSTALLED) 

ACCESSORY GEAR BOXES & DRIVES 


EXHAUST SYSTEM 


COOLING & DRAIN PROVISIONS 


ENGINE CONTROLS 


STARTING SYSTEM 


FUEL SYSTEM 


FAN JAS INSTALLED) 

HOT GAS DUCT SYSTEM 


EQUI PMENT GROUPS 


FLIGHT CONTROLS GROUP 


AUXILIARY POWE R PLANT GR OUP 

^Instruments group I 

HYDRAULIC 4 PNEUMATI C GROUP 

__‘electrTcal group 

AViqNICSGROUP 

_ ARMAMENT GROUP 

FURNISHINGS AND EQUIPM ENT GRO UP 

~~ AIR CONDITIONING GROUP 

‘ _ ANTI-ICING GROUP 

” ^PHOTOGRAPHIC GROUP 

LOAD & HANDLING. GROUP 


T OTAL WEIGHT EMPTY 

CREW 

FUEL • UNUSABLE 
FUEL -USABLE 
OIL - ENGINE 
PASSENGERS CAR( 
ARMAMENT 


EQUIPMENT 


Nt- 


TOTAL USEFUL LOAD 


TAKEOFF GROSS WEIGHT 
FLIGHT DESIGN GROSS WEIGHT 
LANDING DESIGN GROSS WEIGHT 




CARGO 


13 n3 
/llZl 
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•f • .,vii c t 


•p\Ri F mr .WEIGHT SUMMARY 


w«K,i>r *awv 


ICIt.iT 


structure groups 


WING GROUP 

TAIL GROUP - HORIZONTAL 

" -VERTICAL 

BODY GROUP . 

ALIGHTING GEAR GROUP • MAIN 

- AUXILIARY 

ENGINE SECT I ON OR N AC E L L E GRO UP 
AIR INDUCTION SYSTEM 


PROPU LSION GROUP 


ENGINE JAS INSTALLED) 

ACCESSORY GEAR BOXES & DRIVES 


EXHAUST SYSTEM 


COOLING & DRAIN PROVISIONS 


ENGINE CONTROLS 


STARTING SYSTEM 


FUEL SYSTEM 


FAN (AS INSTALLED) 


HOT GAS DUCT SYSTEM 


LU£gtCA T/HC SrtST iJA 


EQUIPMENT GROUPS 


FLIGHT CONTROLS GROUP 


AUXILIARY POWER PLANT GROUP 


INSTRUMENTS GROUP 

HYDRAULIC &_ PNEUMA TIC GROU P 

_ ELECTRICAL GROUP 

AVIONI CS GR OUP 

ARMAMENT. GROUP 

_ FURNISHINGS AND EQ UIPMENT G ROUP 

‘ AIR CONDI fiONING GROUP 

__ 'ANTI-ICING GROUP 

"PHOTOGRAPHIC group 

LOAD & HANDLING GROUP 


TOTAL WEIGHT EMPT V 


CREW 

FUEL - UNUSABLE 

FUEL - USABLE 

OIL - ENGINE 
PASSENGERS CARLO 
ARMAMENT . 

EQUIPMENT $vW 6 a*ACAA. 

Ni* 


TOTAL USEFUL LOAD 

TAKEOFF GROSS WEIGHT 
FLIGHT DESIGN GROSS WEIGHT 
LANDING DESIGN GROSS WEIGHT 
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_Mo 

J3P. 
























TABLE YTIT WEIGHT SUMMARY , r>S~7S 


RUCTURE GROUPS 


WING GROUP 

TAIL GROUP - HORIZONTAL 

. - VERTICAL 

BODY GROUP 


ALIGHTING GEAR GROUP • MA IN 

^ - A UXIL IARY 

ENGINE SECTION OR NACELLE G ROUP 
AiR INDUCTION SYSTEM 


PROPULSION GROUP 


ENGINE (AS INSTALLED) 

AC CESSORY GEAR B OXES & DRIV ES 

_ EXHA UST SYSTEM 

COOLING & DRAIN PROVISIONS 


ENGINE CONTROLS 


STARTING SYSTEM 


FUEL SYSTEM 


FAN (AS INSTAL LED) 

HOT GAS DUCT SYSTEM 




EQUIPMENT GROUPS 


_ FLIGHT CONTROLS GROUP. 

" 'AUXILIARY POWER PLANT GROUP 


INSTRUMENTS GJROUP 

__ HYDRAULIC & PNEUMATIC G ROU P 

- -ELECTRICAL GROUP 

A V ION ICS GROU P 

ARMAMENT GR OUP 

FURNiSHINGS AND EQUI PMENT GROUP 

H AIR CONDITION IMG GROUP 

ANTI-ICING GROUP 

PHOTOGRAPHIC GROUP 

LOAD’S HANDLING GROUP 


TOTAL WEIGHT EMPTY 


CREW 

FUEL • UNUSABLE 
FUEL* USABLE 
OIL - ENGINE 
PASSENGERS CAR( 
ARMAMENT 
















Section VI 


PERFORMANCE 

The 1.6, 2.0 and 2.5 Mach cruise airplanes, as resulted from the final 
iteration of the preliminary sizing process described in Section I, were 
drawn and aerodynamic and weights estimates made. Performance for each 
airplane was then calculated using the VSPEP program. The resulting performance 
and final airplane characteristics are shown in table XT.V, A leg-by-leg 
summary of mission performance is shown in table XV. 

Performance trades were run for each airplane. Increments of dead 
weight and drag at cruise conditions were applied independently and the 
resulting mission range calculated. All other vehicle parameters, including 
gross weight, are assumed to remain constant. The results of these trades 
are shown in figure 120 . 


Table X’i V 

FINAL AIRPLANE CHARACTERISTICS 


CRUISE MACH 

1.6 

2.0 

2.5 

TOGW 

lb 

15060 

18090 

23985 

Fuel Wt. 

lb 

3895 

5425 

8465 

Wing Area 

sq, ft 

185 

215 

276 

Engines 

No.-# 

2-45.3 

2-52.4 

2-62.6 

Wing Loading 

PSF 

81.4 

84.1 

86.9 

Thrust- to-Woight 


.722 

.678 

.685 

Radius 

NM 

321 

371 

467 

Takeoff Dist. 

Ft 

2452 

2925 

3289 

SEP at . 9 m/ 30 k/ 5g 

FPS 

-157 

-139 

-197 






D575-2A 

TOGW - 15060 lb FUEL - 3895 lb R » 321 nm 



MEMO 

HARM UP 

14754. T 

TAKEOFF 

14501.2 

CL IMP 

14216.6 

CRUISE 

*"14072.2 

CLIMB 

13691.2 

CRUISE 

13011.5 

MANEUVER 

12274.3 

DROP P/L 

11274.3 

CRUISE 

10771.6 

CRUISE ' 

10563.3 

loiter 

10162.2 


M EMO 

H END 

0.0 

0.0 

0.8952 

0.0 

0.9260 

40849.2 

0.9260 

41069.7 

1.6000 

53774.0 

1.6000 

54493.4 

1.6000 

30000.0 

1.6000 

30000.0 

1.6000 

60494.1 

0.9280 

45554.3 

0.3560 

0.0 


DELTA R 

DELTA T 

0.0 

6.000 

0.0 

0.579 

22.62 

2.552 

51.02 

5.763 

26.38 

» .915 

221.03 

14.431 

0.0 

2.129 

0.0 

0.0 

221.03 

14.451 

200.00 * 

*11.272 

0.0 

20 .000 


D575-3 

TOGW » 18090 lb FUEL - 5425 lb R - 371 nm 



WEND 

M END 

H END 

delta r 

delta T 

HARM UP 

17722.4 

0*0 

0.0 

0.0 

6.000 

takeoff 

17424.1 

0.8765 

0.0 

0.0 

Q.599 

CLIMB 

17085.7 

0.9120 

394 VT. 6 

22.37 

2.497 

CRUISE 

I 6944.6 

0.9120 

29997.6 

41.63 

4.773 

CLIM8 

16286.5 

2.0000 

54450.1 

36.00 

2.256 

CRUISE 

15165.7 

2.0000 

55889.3 

271.84 

14.218 

MANEUVER 

14154.6 

2.0000 

40000.0 

0.0 

2.969 

DROP P/L 

1 3154.8 

2.0000 

40000.0 

8.0 

0.0 

CRUISE 

12370.0 

2.0000 

60277.2 

271.84 

14.216 

CRUISE 

12132.2 

0.9380 

46245.3 

100.00 

11.132 

loiter 

1 1665.3 

0.3500 

0.0 

0.0 

20.000 


ORIGINAL PAGE IS TOGW = 23985 lb FUEL - 8465 lb R = 467 nm 
OP POOR QUALITY 



WEND 

M END 

H END 

DELTA R 

DELTA T 

WARM UP 

23406.2 

0.0 

0.0 

0.0 

6.000 

TAKEOFF 

22969.6 

0.9007 

0.9 

0.0 

0.664 

CLIMB 

22338. 1 

0.9000 

37208.2 

16.16 

2.029 

CRUISE 

22477.5 

0.9000 

37291. 3 

17.26 

2.006 

CLIMB 

21122.0 

2.5000 

63640.6 

64.46 

3.404 

CRUISE 

19436.4 

2.5000 

65293.8 

367.30 

15.369 

MANEUVER 

17831.0 

2.5000 

5DC00.0 

0.0 

♦ .466 

DROP R/l 

16831.0 

2.5000 

50000.0 

0.0 

0.0 

CRUISE 

15397.0 

2.5000 

67709.8 

36 7.30 

IS.S34 

CRUISE 

15280.4 

0.9000 

44075.1 

100.00 

11.623 

LOITER 

14523.5 

0.3600 

o.o 

0.0 

ZO.OOO 


TABLE 32:. LEG-BY-LEG MISSION SUMMARY 


6UR.E- #20 . WEIGHT AN b DRAG TRA 






Section VII 


CONCLUSIONS 


1, The results of this study showed that supersonic dry power cruise 
fighters in the 15,000 to 23>000 pound class were feasible using 

the all wing concept, two-dimensional plug nozzles, composite structures, 
and advanced engines. 

2, Due to the high aerodynamic cruise efficiencies required ,the supersonic 
aerodynamic center must be accurately Known in the conceptual design 
phase. This requires verification of the nonplanar lifting surface 
theory. 

3, Off design performance such as transonic maneuverability and subsonic 
stability and control have major impact on the configuration. 

i*. Two-dimensional plug nozzles and engine location can result in 

substantial reductions in wave drag and improvements in stability and 
control. 


RECOMMENDATIONS 

1. Design, build, and test wind tunnel model wings to verify the 
supersonic lifting surface theory for nonplanar wing configurations. 

2. .Design, build and test wind tunnel models to determine the transonic 
maneuvering performance of the configuration with a variable camber 
ving. 

3. Conduct a study to determine the optimum combination of wing dihedral, 
control surface size, two-dimensional nozzle control, and flight control 
system for optimum maneuvering and flying qualities. 

4. Conduct a trade to determine the amount of maneuvering capability in 
the fighter versus the missile. 
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